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AIJs’rRwT

Inhalation of radionuc.lide-bearing particles remains ]nc cf L!It: most

intensely pursued problems concerning the nuclear industr’~. “i’hisroute {’t”

entry is qener.a~ly ,accepced ilS the most prnbal~lt+,in I:;Is1’(>I”Illlm;ln~xpnsl~r(~,

with ingestion being the other prominent sourcu 01 C( lcern. Recent sateLy

m.iv,ancesin .arcas surrounding operations involving rmd i.onuclfdes, altilougn

effective, have not profoundly allevfdtcd the cuncern uver potential

hazards. Thus, many laboratory investigations, such (IS those reported iwre,

continue to evaluute the possible cunsequcnces that may present health

problems to the public domain.

!+yridn ilamsters ul~both sexes recciv~d Cicher inllaleci(1.NH)pu07/~r[l~

particles, intravenous (IV) PuO~/Zr02 microsphere, iicomb.i.nationof INH

Pu02/ZrOv piirticles und injected iJuO~/Zrf),~microsphere or nc radionuclides.

(controls). The Nil particles und IV miurosphcres were tugged with y-u’nicting

57CU to facilitate whole bm.lycounting a~ld est~blishment of retention curves.

Tot:ll lung burdens ranged from S nCl to 14.3nCi. Significant numbers of

primary lung tumors (5-.50%per group) were induced in ti’me amlmals that

received INH exposures. Add.Ltional u radiation administered via Pu-laden

IV mfcrnsplmres had little or no effect on tumor prodmtion or nonneoplantic,

degenerative changes in the respiratory tract.

* Work performed under the m~pice~ ol:US ilepar~rnentcf Kner}]y.



.NTROt)l;CTL()Y

‘.dlIile rnor~~i::known about Ehe toxic it-yoi pilltoniurn than !nosr other

hazardollS ;lgent:j(1.),cher(: is still a trumcnduus amount, as with most

carnir(];:ens, t{)be leurned regardin~ its role in ~urnorigenesis. Imr laboratory

Cor :,c’~erfal:iuars has ‘;tudieclthe uffects OF alpha-emitting PuO~-zrO~ microsphere

on the Illnl;:;01 Syrian hamsters (2-5). These biological. ~ inert ,:eramic spheres

dc.L m+ iIJcd]. %rmrccs of’alpha-radiation, “hot particles”, in the pulmonary milieu.

lil~~minjected into the ,jugular ‘Ieln, they 1wJu6 quantitatively in the lung capi-

l.lnries for the durations oi the animals life spans. Regardless oi the number ok

.;pheres injected, ,)r thl”ir:+peciiic activities, they are not efficienc tumor

inducer:+111:.spite EIIC!~urroundin~;ruspiratur”y tract cells being .sub,jcctwl

to massive :lmollnt5oi :Ilptl;l-raciiiltiun, in uxcess (J~ 30,000 rad/yr i.nsomb G3scs.

Turner induction Frquencitis :lverage less than LX vi;l this tucposure mode. A signi-

ficilnt number of tumors rusult only when vnhancing a~ents are Aministerrxl

concurrent Ly. For examplu, a Single (iusu Oi J mg FCTOq/ f.uline intratrwheally

(LT), foLLowing mLuro:5pherI?injection (“))II(;I.I’11= 2bOfl r:d/yr), raised chc tumor

incidence from 5’2 (spherus aLone) tu ]HZ (h).

210P() instille(i L’ri:;;llI~.%tr~lllelyeffec-tifz’?The ;llphilcmltter tumorii~uienc

;l~ent in the Syriun hamster lung (7,H) when ioLlowed by weekly Silline instillations.

Inhaled Pu(),Jproduced Lung tumors in Ijug:; (9) and rats (LI)-L’3). However, it 11:15

not been ilnetficitint lung tumor inducer in h.lrnstcr:+.Extensive ~lttemptisin

threu l,aborutor~cs to expertientillly produce puLmon:lry neopl~srns in this species

hy internally deposited K.KJ2uniformly resulted Ln negative reslllt:;(14-16). This

is particul~rly Lnterestlng in light O( the rot’s susceptibility to [%-induced

rL!S[)ir~tl)ry tract Cilrclnogenesis (17).

[n this pru:;ent:ltionwe report tlw Lnduct’Lonof signiticunt number:+ III

i]rimilrv Lung tumors in Lhe Syriun I:i]msterby intlu J.udPllU~/zr~)”J p;lrti~ LC.S.

,)
-. LM.ATERLi\LSAND METI{ODS
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.,,i: ind .1o .]ctcmpt was Aade co calcul;ltc a r;d~;ition dose delivered by indi’~idual

“-Liclos ~u lIJc;llizedregions fJi the lung. T!le Lung weights.i.l. llsed .J13cefrrJm data

:ol,lectd IJII control. hiimster.s.sacrifLued ;it“Jariws times or rig=, :indnot ‘Jpon

che wei~;lit.Lt‘l(satIl.The :;acrlfice.y~nr ti:;suedi:;tributioriwere performed lJfl

two h;lm:; ~(:rs cac.h at L, 2, 4, 3, 16, ilnd 32 days post-exposure in groups A-i). IL
.

W;N; csr:li]lishedthat the label (~7CrJ) remains with the Zr(J~ particles through the

ir~l:r:lmll:;~:lll:~r(LM) injcctiun of A resuspension of aerosol pactlcles i:~toa group

,J: L(Jll;m!;Ler!;,and followlng whole-body retention and tissue distribuczon at

II WL-IIIISY ;Iitel 371 dilys post injection.

For scoring tumor incidence, all anJ.mals were checked two or three times

dnil’~ Ior the dur,~ticm IJF their Life spans, moribund hamsters were killed ;lnd

IIl:urop:iiu.1,und deiLa hamster:; were necrnpsicd :1ssoon as possible. The respirator:~

tract was inflated via the trachea with 5 to 6 cmg of 10% neutral huffertid furmulin

,Ind the trachea Ll~ilt~~d. The respiratory tract W.IS removed enbloc, fixed in lJX

rII~IIrr:Il l?ul”fi}rwl formal in, ;lndcounted l-orradiowtivity with ‘win sodium iodide

cr“~stals.

The five lung lobes were sep;lrated nfter fixatlun, Pro(:l?;:;edby scanclard

methods, and routinely stained with hcmntoxylin and uo..in. ‘:”heLllngswere UISU

tvcamined ;Lutf~r:ldLugraphic;llly [or alpha tracks.
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3.2 Lifespans.—.

The survival data for all the animals ;lre included in Tai>lu i. i i.~il ,Jl]l:

exception (~;roupl;), males lived longer thun fcmlle.+ in both ~Xperinl:ll~ol!_.II1[:

concro.1 hamsters. This was particularly evident in groups B-F. “~hu:m):;t dr,m);l:il:

liie shortening compared to controls (E, F, & .1)occurred in groups (~,Ii,A L -

the only ones receiving Large (iuscs viii inhalation :lndcontaining !MtISLt$rS w; L!I

d significant number nf Lllngtumors. Groups D & C, which receivt?d low dosus ‘li.:1

inhalation. had median Lifespur.s post exposure that were unly sligntly lower !rlIrI:

those bf controls.

Figure 2 shows for Groups G. II,and L, the initial lung burdens plo~ted

against survival time. Each point records the death of an individual hilmster

;lcd the presence or .lbsence of tumors at death Ls Lndicatecl by the plotting

symbul . The initiill.Jalue IJf the iong-term component of the lung burden is used

to measure the majority of the radiation dose to the .Lung. A nw,jor portion of

the higher activity at early times was external contamination or W:IS in trunsit

chruugh the gut.

The expected increil~c of survival time with decreasing lung burden i.:;

cletirly evident. A minimal time to tumor ;lppearance UF t~buut 100 LIavs 1::111.Ilso

he deduceda [t is notabLc that tumurs were virtually absent from animals

receiving les~ than 50 nCi even thollghmany oi Lhern11A nurrnal l.il~?sp:ln:i.Tlli:;

form o~ d~lta presentation preserves all of the avail~bl.e hkorm~t.iL)ll :lbljllt,Illso.

time, and i.ncidencc and pern.lts htcr ;lnalyais for the ilv(~r:l)~dp:lr:im~~tl~r:;.~,~l{.Ii:.,!

this figure suggests /ill Lncreasinfi iriduction time ;I.nd:1ducredsinl: tut.;llillc:,lgul,:l’

with rlecllning lung burden.
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~,,i 23ti~,, .Jia inhalation only. Group C with mean total lung hllrdens oi
,,,

‘., nCi 2~4PII (56 n(;i.Jia 20,(100 microsphere IV plus 37 nCi ‘Jia inhalari.on~

.ad a 40% lun~ tumor incidence. Twenty-eigh~ percent oi the hamsters in f;roup ii

developed pulmonar:l tumors. They had mean total lung burdens of 12’)nCi 238Pu

achieved with 5’Jn(~iIJia 20,000 microsphere LV and 76 nCi via inhalation. The

;]rcdominant Llum]r.sin ~;,H, and I were adenomas; however, adenocarcinomas were common

in all three qroups. The only squamous cell [epidermoidj carcinomas found in this

.it.ud;{-~er(:in (;rollp[.

The vest rnajori~y ~90Z) of all tumors were peripheral, i.e., arising from

tll~”bronchial tree in or distal to secondary bronchi with the notable exceptf.on

,)1(;rollp[Issql~:molls~eLl carcinomas which originated from bronchial epitheliums

in hilar portions oi the lung. Histologically, the adenomas were comprised of

pol:~gunal, well differentiated cells with eo.sinophilic cytoplasm and unirorm

rollnd-ovoid basophilic nuclei. These tumors were well-circumscribed and usually

:Issoci:ltedwith bronchi or broncllitilessuggesticl::that. they arose from bronchial

or bronchiolar epithelial cells. Tile.xIenocarcinoms were characterized by

irregularly shaped cells with granular eosinophilic cyt(,plasm, pleomorphic,

basophilic nuclei that formed poorly circumscribed, expansive tumor masses.

Mitotic activity was not a common feature. These tumors usually :lccupied l~r~e

pOrtiOI,. of the lung, so it was not possible to precisely pinpoint a iccus of

origin. l)ue to their similarity to the adenomas, it is likeLy tha~ they also were

derived from bronchial or brunchioldr epitheliurn. The three squamous cell

c~~:cinornaswere well-differentiated with prominan~ intercellular bridges and

ker(atin formation. They undoubt~dly arose from bronchial epithel.i~l cells as

eacilwas Jssuciated with iimain-stcm bronchus. Seventy percent of illl the tumors

were,in tile Left Iohe of the Lung with the remaining tumors indicating even distl.ibu-

tion throughout the other fuur principal Lobes. Fibrosis was I.lighestin (;roups

G, If,:lnd [ (T~hle J.I.1)which also had tilehighest numbers or tumors indicating

that rnesenchymal as well ilsepitheli,al cells were profoundly disturbed by inhaled

PuO~/ZrO~. Likewise, these three grcups l~ad the highest inc,idences of bronchiolar

adenomatoid lesions (BAL) (Table 111), proliferations of terminal bronchiolar

cpitl~e,liuminto alveoldr spaces.

‘1.4l<udLatton noses and ‘rumor Lncidences

As 1s evident from Figure 2, individual hamsters acquired very different

LunH hur~iens .1sa result of biological variability and nonuniform distribution

of the aerosol within the exposed chamber. However, all the hamsters were
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measured indiq!%duall;:to determine their ticcual bllrdens over t!letour.s(’I: :ile

experi,mc.lt. It is, chereiore, possible LO regroup the .~nimals intu .1:Ilmber O(

narrower dose ranges IS shnwn in Table t~.-.~!le KGWS ~L L!le t:lbl,ccorrespl)nu ~~

the selected inter~als of the inhaled lung burden onl:: ~jnd t!lecollmms ci~t:~rt~:r,ul~

ieq]elsof microsphere burdens (the Lacer burdens were precise:.’ :~guiti~~d intl

pre-decerminea to wlih about = 20%). Inspection I>iI’:lbleL’\”le;l(is:d :[1!.!.~”JNu’wt),ll

surprisir,g conclusion that tumor incidence was independent i>imicrt~sl’.ilerebl]r.:,’:1

and depended only on the inhaled lung burden. T!lere is cert:]inl.fno c~J;.derlct: :

s:rnergism or enhancement. The ~tatiscical errors ilr,:t~o lar~c to ;)t:rmi L .,c.:”11 ,l. ,)

determination uf the shape of the dose-response curve, but Elle trend in Lile!i:]~ll

column is clearly monotonic with respect to inhaled lung burden.

4. DISCUSSION

The study of radiatio~-ind~ced respiratory tract carcinogenesis in our

.Laboratory initially focused on the so-called “hot particle” issue. Ce~ami~

Pu(J,;/Z.roVmicrospneres given IV were user! as focal sources oi aLpha radiation ill.

the lufi%. ?rimary tumor production from this means of selective exposure was

essentially zero and provoked the concern that this species was perhaps not a

desirable indicator of plutonium-induced carcinogenesis. T; test this premise,

another insult mode was utilized, i.e., the depositio~ of Pu02/Zr02 particles

in the form of an inhaled polydis?ersed aerosol. Thus , two filCtors were introduced

that varied from the “hot particle” concept; namely, the aerosol particles were

much smaller and more numerous than the microsphere and furthermore, were in

motion and actively transported out of the lung. Both of these factors gr.e:ltly

reduced localized concentration of dose and resulted in a much more diffuse

deposition of energy. However, they do not differ in these respects from :lcrusol.+

of Pu02, which .lrealso non-tumorogcnic in hamster .Lung.

Those groups, A, E, F, and J tl~a~received microsphere without ir,ha].twl

particles, had extremely low or ,1zero incidence of pulmunary :AeoplL~sms. l’llisi.:,

in agreement with earlier work I:romour laboratory (5).
:z~qp,lvia inllal~lt.i~~:l

Interestingly, Croup B, which receives only 8 nCi

and Group C which was given 30,000 rnicrosphcres IV (49 nCi :?~%+l)plus 6 il(:i

inhaled 239Pu, had lung tumor incidence of 12% and 5H rcspectiv~:ly.

It is obvious from ‘rable 11 that the major factor resulting in Lun}ttlml(lr’

growth and development in this study was the admill.istratiunc)K
;}j’J ~~$1,P(L or - 111

via inhalation. Apparently, microspherrs containing ‘?J9P11Jr ‘~38Pu l.udg~~lLllF.Il--

-7-



“~:lscul~rl”~!ladlittle irliluence in turnorigenesis or fibrosis. Bronchiolar

adenomatoi(t lesion (B~lI.) and squamous fi,etaplasiawere prevalent in most

animals. Further, as this Lesior,was also found in hamsters that received no

radi:ltion ((;roupsE, F, and J) i.:is difficult to relate this change

i~sdciiniti’Jcly Leing preneoplastic. Sql;~mous m~t~plilstic changes (T~ble 111)

were observed in :111 groups except B, D, and J and did not correlate with

either r:ldiatiun ‘d(JSeS or tumor inciuences.

The observation that female hamsters had shorter lifespans than males,

regardless of treatment in this study, was interesting and is in agreement

with the published tindings cf Bernfield (20) and Redman and Hobbs (21).

Kesults of this study were surprising in that the inhalation of PuO~

particles alone iladnot indicated a tumorigenicity in the Syrian hamster in

our laboratory. nor in at least two other laboratories (14-16). The obvious

questions now being :~nswered through further study, center about the repro-

ductihil.ityof the results and the possible adjunctive role of the Zr02 matrix

ill~timu~.loumaciull. This ldt~er fdC~(JK is d LUdl enigma because ~i Ltle

[)rI?SUEIId [Biological ifKICtiVlty Of d ~roz partiC].e, as evidenced by the lack

of foreign body reactions or other lesions wtlen tileZr02 particles are ~dmini-

stered alone without radioactivity. Experiments :Ire in progress substituting

thoria Jnd urania For zirconia to cl~termine whether a similar etfect exists.

‘rhc:iematerials are of interest hecouse, in ddition to being chemically

slmllar to %ro~, they compose the fuel uiements [>fbreeder reactors. Results

tjfthese fur::her investigations are presently becoming av,ail~~hle.

-tl-
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.110 -1.in
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MALE.—

26

17
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23

34

23
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20

14
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Experimental Zesign for Studies with (‘Jmpu-Zr)~9 or “’p:~-~”:- .

In.jecteciIV into or Inhaled bv ~:~riiinHamster: . -

!hm.ber “If
Hamsters

30

31

Iso’roPE

239
pu

239
h

239TU
L

Initial Pu Lung Burdens
Mean ‘~Spheres Injection Inhalation

--

--

--

238
Pu

238P,1

238PU

--

INJECTED (nCi)

60000 117

0 f-)

3f)ooo 49

70000 9

0 0

0 0

~()(y)(y 56

20000 53

0 ()

0 0

(nCi)

~

Y

!5

f)

0

!-l

87

76

Lol

0

l“1l( ’i)——.

1.17

“3

j~

c1

.,,.,. : 1:] :,j:”t.. ;:,, ll]

1“ ,, ..,; ‘ ,:j~. : ..::, ,1.:11:

:,!,’1:,.;, :...::::,
. . . . . .. . . .

; IJ(, ?,l!

.arl?

52S

5“12

547

582

198

268

176

447

;, j :.

17!

does not include serially killed animals out to 32 days postexposure.

ustimated from long term lung retention kinetics (alveolar burden) . The two digits US.J,l

n these numbers were dl?termined from r~tention equations, but it is obvious from such

~!cilniquesthat rohnding off is a sufficiently accurate accounting of the ~ctuai lung lxlrd~~ns

2.g. 87 nCi cculd as accurately be reported as SO nCi).

Croup D received
57

Co liibeLec!ZrOq and IV aerosol. particles.
L

Group F received unlabled Zr07 aero~ol particles.
.



Pulmonary Naplasuis

Number of Tumor-Bearing
Animals Divided by Number
of Animals

1/53 (2%)

Number with Nulciple
‘iumorsDivided by Number
of Animals

0/1 (o%)

QQ!Q

A

B

c

D

E

F

G

u

1

J

ALIenvmiI

1/1 (low)

.5/5 (100%)

2/2 (1OW)

-- --

5/43 (12%) 0/5 (0%)

()/2 (02)

-- --

2/40 (5%) -- -.

0/45 (o%) .- -- -- --

1/55 (2%) 1/! (1(.)0%)

--

1~/~() (~~~)

11/17 (65%)

14)/?2 (45X)

-- --

0/44 (o%) -- --

20/50 (40%) 8/20 (41)%)

6/17 (35%)

5/22 (412)

--

17/60 (282) --

22/44 (50%) J/22 (14X)

0/45 (02) -- -- -. --



A

Ii

c

D

E

F

G

Ii

1

.J

Fibrosis—-—

5/52 (10%)

3/38 (8%)

l/3b (3%)

.-

--

2/44 (5%)

24/30 (W%)

lt/4’l (37%)

:7/22 (77%)

--

TABLE 111

Non-NeophsLic I’ulmonary Lesions*

Ilronchiolar
Adwomatod
Lesions (BA1.)——

24/52 (46%)

4/38 (11%)

7/38 (18%]

1/45 (2%)

5/44 (11%)

5/44 [:1%)

lH/30 (60%)

11/43 (M:)

12/22 (55%)

1/45 (2X)

1/52 (2%)

-.

--
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